Soil quality is one of the most important factors in sustaining the global biosphere and developing sustainable agricultural practices. Land use and management practices greatly impact the direction and degree of soil quality changes in time and space. Understanding the effects of land use and management practices on soil quality and its indicators has been identified as one of the most important goals for modern soil science. Soil quality mapping study represents a method for assessing and mapping soil quality changes in time and space in small units. For the present study, changes in the physical, chemical parameters and nematode density of the soils in the rural and urban areas of Thiruvananthapuram district, Kerala, were determined. The soil samples were collected from seven different categories of contaminated soils namely coastal area, sewage disposal area, industrial area, road-side area, agricultural area, market area and gasoline station area, and also from two control stations in rural and urban areas. The soil physico-chemical parameters and nematode density were determined. Geostatistics combined with GIS was applied to analyze the spatial variability of soil physico-chemical characteristics and nematode density. This soil quality mapping study provides a basis for identifying tension zones and serves as a triggering mechanism for implementation of soil contamination mitigating strategies.
Introduction
Industrialization and urbanization have a strong impact on the environment, and its biotic and abiotic components. Many toxins added to the soils by different anthropogenic activities can build up to concentrations that become serious threats to plant and animal health (Alloway, 1996) [1] . The presence or absence of indicator species or indicator community reflects environmental conditions. Bio monitors provide a direct measurement of a biological effect rather than inferring values using soil extractions (Tarazona et al., 2005) [2] . The study of regional variations and the anthropogenic contamination by metals of soils is very important for environmental planning and monitoring in urban areas. Mapping allows for more efficient approach to remediation and monitoring of soil contaminants (Fortin and Dale, 2005) [3] . Geographical Information System (GIS) is used for the mapping of the contaminants in the study area soils. Based on the GIS analysis, the highest risk sites are identified in which majority of the remediation and monitoring should take place. The major objective of the present study was to monitor the soil quality of selected rural and urban areas in Thiruvananthapuram District, Kerala, using nematodes as bioindicators, and also aimed to provide base line information on the soil health status of rural and urban areas of the capital district of Kerala.
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District is located at 8˚26'25" N latitude and 76˚55'25"E longitude. Thiruvananthapuram, the southernmost District in the State of Kerala is the study area. Its southern most extremity, Kaliaikkavila, is only 54 kms away from Kanyakumari (Cape Comarin), the land's end of India. The district stretches 78 kms along the shores of the Arabian Sea on the west, Kollam district lies on the north with Thirunelveli and Kanyakumari districts of Tamil Nadu on the east and the south respectively. The district can be divided into three geographical regions; highlands, midlands and lowlands. The large forest reserves favorably affect the climate and induce rain. Cold weather is experienced in the mountain ranges whereas lower down, the weather is bracing and in the plains, it is generally hot. Though the mean maximum temperature is only around 900F, it is oppressive in the moisture-laden atmosphere of the plains. Humidity is high and rises to about 90 percent during the south-west monsoon. The average rainfall is around 150 cm per annum. It is significant that the district gets rainfall both from the south-west and the north-east monsoons. According to the final figures of 2011census (Census of India, 2011), the population of the district is 3,307,284. The Taluks in Thiruvananthapuram District are Neyyattinkara, Thiruvananthapuram, Nedumangad and Chirayinkeezhu. The district has three major rivers, several freshwater lakes and more than 300 ponds. The eastern region is forested, northern regions are mostly under rubber cultivation and the remaining areas have mixed dry land crops of coconut, plantain, tapioca, etc. Built up areas and rice fields complete the land use. Based on the land use pattern, Thiruvananthapuram District has been classified into different categories namely, coastal areas, sewage disposal areas, industrial areas, road-side areas, agricultural areas, market areas, gasoline station areas, benign environment, etc. These areas will be receiving different types of wastes based on the source of contamination. The contaminated sites due to different anthropogenic activities were identified in both rural and urban areas of Thiruvananthapuram District after conducting a reconnaissance survey. Sixteen sampling stations in the rural and urban areas of the Thiruvananthapuram District were selected. These include seven different categories of contaminated soils selected in the rural and urban areas namely coastal area, sewage disposal area, industrial area, roadside area, agricultural area, market area and gasoline station area. Control soil samples were collected from comparatively benign environments in both rural and urban areas which were selected as control stations ( Table 1) .
Soil Collection
Soil samples (0 -15 cm depth) from the sampling stations were collected during the pre-monsoon, monsoon and post-monsoon seasons of the study period (April 2009 to January 2010). Composite samples were taken by mixing the samples collected from five different sites of each station. Soil sampling and analysis of soil physico-chemical characteristics were carried out according to the standard procedures (Gupta, 1999) [4] . The concentration of the heavy metals viz. lead, chromium, manganese, copper and zinc in the acid digested soil samples were determined (Saxena, 1994) [5] using an Atomic Absorption Spectrophotometer (Model, GBC 932 AA). Karl Pearson's Product Moment Correlation is used for finding significant correlation between nematode densities with all other soil quality parameters in the three different seasons (SPSS v -16 for WINDOWS).
The Geographical coordinates of the sampling stations were collected using Hand-held GPS (Garmin eTrex Vista HCx). The Coordinate values were entered into a spreadsheet with properly assigning IDs for each location. Another spreadsheet was prepared with physico-chemical characteristics and nematode density. In this spreadsheet, the same IDs were entered against respective stations. Both spreadsheets were added in GIS software (Arc GIS version 10) as tables. The table with Geographic coordinate values were plotted as point layer using "Display XY" method and subsequently exported as a shape file with WGS84 as reference ellipsoid. The physico-chemical characteristics and nematode density table was joined with the attribute table of the point layer using ID as the foreign key using JOIN method in GIS software (Korte, 2001 ) [6] . The resultant layer comprised the geometry of stations as points and all the results as associated attribute table (Figure 1) . The soil physico-chemical characteristics were analyzed and mapping of significantly correlated soil physico-chemical characteristics with nematode density was plotted.
Results and Discussion

Mapping of Physico-Chemical Characteristics and Nematode Density in Soil
The results of physical characteristics of the soils in the study stations are given in Tables 
Nematode Sampling, Extraction and Density Calculation
One kg soil samples from 0 -15 cm depth were collected. For soil nematode identification studies, 100 cc (approx. 150 gms) of soil samples were washed and the soil solutions were passed through 60 mesh (250 µ) and 350 mesh (45 µ) sieves (ASTM Endecott Sieves) respectively. The residues from 350 mesh sieve was washed and collected into a beaker and allowed to settle for one hour. Then decanted the supernatant and poured the rest on a wet tissue paper placed on metal gauze in a Petri dish containing water. After two days, collected the nematode containing solution, allowed to settle for decanting and added equal quantity of boiled 4% formalin to kill and fix it. 10 ml of this solution was placed in a nematode Perspex counting dish (Cobb, 1917) [7] and were observed under a Stereomicroscope (Model, Leica LED3000 NVI) and their abundance was calculated (Southwood and Henderson, 2000) [8] 
during the three seasons as shown in Figures 2(a)-(c).
The soil sample solution was made up to 100 ml and stirred well. Pipetted 10 ml of this soil solution from three different depths of this 100 ml soil sample solution kept in a beaker and placed in Doncaster's circular mounting tray (Goodey, 1963) [9] . Nematode density is expressed in Number per 100 ml soil. Electrical conductivity, water holding capacity, moisture content, organic matter, total nitrogen content, phosphorus content, potassium and copper contents showed positive correlation with nematode density in soil. pH, temperature, pore space, bulk density, chloride, lead, zinc, manganese and chromium contents showed negative correlation with nematode density in soil samples collected from both rural and urban area as shown in Tables 5(a) and (b) respectively. Of the different physicochemical characteristics studied, water holding capacity, moisture content, organic matter content, pH, zinc and manganese contents only showed significant level of correlation with nematode density. Mapping of significantly correlated soil physico-chemical characteristics with nematode density was plotted. The significance level of correlation coefficient is given in Table 6 .
Mapping of Significantly Positively Correlated Physico-Chemical Characteristics and Nematode Density in Soil
Water holding capacity of soils in the selected stations of 
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the study area showed significant and positive correlation with nematode density. Smiles (1988) [10] in his studies concluded that the rate of soil water movement controls many biological activities such as wilting and germination of plants and hatching of nematode cysts and spores. The spatial variability of water holding capacity and nematode density during the pre-monsoon, monsoon and post monsoon seasons were plotted and the results are shown in Figure 3 . Water holding capacity showed very high positive correlation with nematode density during the pre monsoon season in all the stations. But in the monsoon season due to the dilution factor, this positive correlation was very high in most of the study stations except in the stations S1, S2, S3, S4 and S16 where this positive correlation was only high. In the post-monsoon season, this positive correlation showed the same pattern as that in the monsoon season except for the stations-S3
Moisture content in the soils of study stations showed a significant and positive correlation with nematode density. Townshend and Webber (1971) [11] showed that the movement and survival of nematodes was maximum in soils with maximum moisture retention. The spatial variability of moisture content and nematode density during the pre-monsoon, monsoon and post-monsoon seasons were plotted and the results are shown in Figure 4 . Moisture content showed high positive correlation with nematode density during the pre monsoon season in most of the study stations except in the stations, S11, S12, S13, S14 and S15 where this positive correlation was very high. But in the monsoon season due to the dilution factor, this positive correlation was very high all the stations. In the post monsoon season, this positive correla- Organic matter content in the soils of study stations showed a significant and positive correlation with nematode density. This is in agreement with the studies by Gorres et al. (1998) [12] which showed that the soils rich in organic matter were reported with the highest nematode density. 
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The spatial variability of organic matter content and nematode density during the pre monsoon, monsoon and post monsoon seasons were plotted and the results are shown in Figure 5 . Organic matter content showed very high positive correlation with nematode density during the pre monsoon and monsoon seasons in all the stations. In the post monsoon season, this positive correlation showed the same pattern as that in the pre monsoon and monsoon seasons except for the stations, S7 and S9 where the positive correlation was high.
Mapping of Significantly Negatively Correlated Physico-Chemical Characteristics and Nematode Density in Soil
There is a significant and negative correlation between soil pH and nematode density. This is in agreement with the studies conducted by Murialdo et al. (2002) [13] which showed that when the soil pH was high, nematode density was low. The spatial variability of pH content in soil and nematode density during the pre monsoon, monsoon and post monsoon seasons were plotted and the results are shown in Figure 6 . Soil pH showed very high negative correlation with nematode density during the pre monsoon season in stations, S13, S11, S12, S14 and S15. But in the monsoon season due to the dilution factor, this negative correlation was reduced. In the post monsoon season, the correlation showed the same pattern as that in the monsoon season. Zinc content in the soils of study stations showed a significant and negative correlation with nematode density. Studies by Shao et al. (2008) [14] showed that nematode densities were negatively correlated with zinc concentrations as their population densities decreased with increased zinc concentrations. The spatial variability of zinc content and nematode density during the pre monsoon, monsoon and post monsoon seasons were plotted and the results are shown in Figure 7 . Zinc content showed high negative correlation with nematode density during the pre monsoon season in the stations, S10, S11, S12 and S13. Due to the dilution factor in the monsoon season, this negative correlation was reduced in all the stations. But this negative correlation was very high in the stations, S14 and S15 in the monsoon season. The effect of raised water holding capacity and moisture content in the monsoon season influenced the soils in the station, S14 resulting in very high negative correlation. In the station, S15 the retention of zinc content in soil will be more due to the dilution factor resulting in the high negative correlation with nematode density. But in the post monsoon season due to the less water content in these soils, the negative correlation will be lesser.
Manganese content in the soils of study stations showed a significant and negative correlation with nematode density. Studies by Norton and Hoffmann (1974) [15] had shown that a negative correlation was observed between manganese content and egg/cyst ratio of nematodes which in turn will be reflected in their population densities. The spatial variability of manganese content in the soils and nematode density during the pre monsoon, monsoon and post monsoon seasons were plotted and the results are shown in Figure 8 . Manganese content in soils showed the same negative correlation pattern with nematode density in both the pre monsoon and monsoon seasons. But in the post monsoon season, this negative correlation was very high in the station, S14 as these clayey soils were with less water content at this season as compared to that in the monsoon season and will augment the manganese content in soils. This is in agreement with the studies conducted by Rajmohan and Elango (2005) [16] which concluded that soils with high clay content will retain more manganese especially in the post monsoon season. In stations, S4, S6 and S9, the negative correlation was high. In station, S6 with high clay content in soils, the manganese retention will be more in this season. As S6 is a rural market area and S14 is an urban market area, the manganese contamination will be more in the urban market area due to different anthropogenic activities compared to the corresponding rural area. So station, S6 showed only high level of correlation with nematode density in the post monsoon season. In station, S4 which is a road-side area, the manganese deposition will be more in the post monsoon season. Previous studies by Singh and Singh (2006) [17] had shown that the manganese deposition in soils will be more in the post monsoon season in the road-side soils in India. Station, S9 which is an urban coastal area, this negative correlation will be more due to the hyper saline nature of these soils. This is in agreement with the studies by Alongi et al. (2005) [18] which showed that hyper saline soils will retain more manganese content in soils during the post monsoon season.
Conclusion
The soil physico-chemical characteristics which showed significant (positive and negative) correlations with nematode density were spatially plotted using the Arc GIS 10 to show their spatial variability. Water holding capacity, moisture content and organic matter content showed a significant and positive correlation with nematode density. PH, zinc content and manganese content showed a significant and negative correlation with nematode density. These soil mapping plots showed variations in the monsoon season compared to the pre monsoon and post monsoon seasons due to the dilution factor. In the study area, the organic matter content of urban soils with industrial activities and gasoline service stations was found to be significantly less compared to that of the rural area 
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Open Access OJSS 335 soils with the same land use patterns. Also the urban area soils were prone to more heavy metal contamination than the rural area soils especially in the gasoline station and roadside areas of Thiruvananthapuram District. This will reduce the soil microbial activity and soil health which in turn will be reflected in the crop production. This soil quality mapping provides a basis for identifying such tension zones and serves as a triggering mechanism for implementation of mitigating strategies.
